Background: HRQoL is an important outcome to guide and promote healthcare. Clinical and socioeconomic factors may influence HRQoL according to ethnicity.
Introduction
Health-related quality of life (HRQoL) is an important outcome used in a wide variety of medical research to ascertain aspects of well-being in settings of health and disease. HRQoL focuses on the aspects of an individual's life that is impinged on by health, disease and its treatment, and is a fundamental component of successful ageing covering life expectancy, life satisfaction, mental and psychological health, physical health and functioning. This is especially relevant to countries such as Singapore having populations that are rapidly ageing and at risk of age-related diseases that can affect the nation as a whole with respect to productivity and consumption of health care resources. In 2011, 9.3% of the total population of Singapore were aged 65 years and above, as compared with 3.4% in 1970 [1] .
There is a growing recognition of the importance of HRQol, as evidenced by the US National Institutes of Health PROMIS initiative, UK Government guidance and a burgeoning number of reports in leading journals [2] [3] [4] [5] [6] [7] . Biomedical/clinician-assessed measures of health status such as comorbidity are often unable to capture individuals' perspective and often correlate poorly with patient-reported outcomes such as HRQoL and/or subjective function [8] . For instance, the DOPPS study has shown that at higher levels of comorbidity, African American patients on dialysis report better physical wellbeing (as measured by Short Form Survey-36) than non-African Americans [9] . Scales such as the SF-36 provide a measure of patients' perceived states, capabilities and functioning in physical, psychological and social areas of life that complement objective clinical markers and disease indicators. They have been shown to predict morbidity and subsequent mortality in community samples even after adjusting for objective measures of risk and comorbidity [10] [11] [12] . HRQoL hence provides a measure that is sensitive to the patients' perspective and subjective experience of health and illness that expand upon clinical measures. This clearly supports the consideration of HRQoL outcomes in planning, implementation and evaluation of health provision and policies on a wider level. Pertinent to this is the documentation of HRQoL outcomes and the identification of factors that may be associated with these outcomes across general populations and different population segments.
The role of socioeconomic factors and comorbidities on HRQoL is well recognized. What is less well understood is the possible impact of specific biochemical and metabolic parameters or biological measures such as body weight and blood pressure on HRQoL. Although such markers denote poor health and/or increased risk for poor health and infirmity, they have not shown consistent associations with HRQoL [13, 14] .
Similarly, despite well-established evidence demonstrating ethnic differences and racial disparities in health outcomes [15] , the relationship between ethnicity and HRQoL is limited and fraught with inconsistencies, thereby hindering any guidance towards targeted public health programs. Studies on community adult samples and patients with diabetes indicate worse physical and mental HRQoL for Indian respondents [16] [17] [18] , whereas in a study on healthy adolescents, Indian respondents fared best on overall and emotional quality of life [16] than other ethnic groups. Notably, the observed HRQoL differences persist even after adjustment for sociodemographic parameters [17, 18] , indicating that they do not simply reflect casemix differences. None of the previous work have examined if ethnic differences persist when specific biochemical and biological parameters are taken into account. Clearly more sufficiently powered population-based studies are warranted to elucidate ethnic variations in HRQoL and identify drivers of HRQoL especially in the context of different population segments and ethnicities.
There are important ethnic variations in clinical risk factors, biochemical markers, health behaviors and certain sociocultural parameters that may differentially affect HRQoL. A case in point relates to differences in waist-hip ratio being highest in Indians, intermediate in Malays and lowest in Chinese, in parallel with insulin resistance and high-sensitivity C-reactive protein (hs-CRP) [19] [20] [21] [22] . Differences in other cardiovascular risk factors (i.e. obesity, cholesterol, diabetes) between the three ethnic groups in Singapore (higher mainly in Indian and Malay relative to Chinese counterparts) have also been noted [23] . Indices of socioeconomic status (i.e. education, English or multi-language literacy, income) on the other hand are higher in Indian than Chinese [24] . Variation in health practices and behaviors such as smoking, diet or physical activity may underpin these clinical differences and further impact upon HRQoL. For instance, national health surveillance data have shown that smoking rates are higher amongst Malays compared to Chinese and Indians [25] whereas rates of regular exercise are substantially lower in Chinese compared with the other two ethnic groups [23] . While the recognition of differential risk profiles in population subgroups have led to a more focused approach for the national health promotion program (e.g. National Healthy Lifestyle Programme (NHLP)), much remains unknown about ethnicity on well-being and wellness outcomes, and the contribution of clinical variables on HRQoL. Documenting HRQoL and determinants across races would add valuable information on wellness of a nation, complement risk/disease profiling and may allow greater customization of health promotion programs.
The aims of this present study are as follows:
(a) To document and compare HRQoL levels in the three main ethnic groups in Singapore: Chinese, Malay, Indian (b) To identify determinants of the physical and mental HRQoL in a multiethnic population (c) To explore if determinants of HRQoL differ in these three ethnic groups.
We hypothesize that comorbid burden, lower socioeconomic standing and family functioning are associated with lower HRQoL. No a priori hypotheses were formulated with respect to biomarkers or ethnic differences on HRQoL or its determinants as previous evidence is either lacking or inconsistent.
Methods

Study Design and Cohort
The Singapore Prospective Study Program (SP2) is a national population-based cross-sectional study inclusive of N = 7198 community-dwelling individuals between the ages of 21 to 95 years, selected by disproportionate stratified sampling to ensure representation of the ethnic composition of Singapore population: Chinese, Malay and Indians. The overall SP2 cohort consists of samples from four related epidemiological studies (Thyroid and Heart Study, the National Health Survey (1992), the National University of Singapore Heart Study (1993) (1994) (1995) and the National Health Survey (1998) (Figure 1 ). Although their clinical objectives were different (i.e. screening and monitoring for particular conditions), all four epidemiological surveys had common data collection instruments and comparable clinical assessment protocols to allow merging of datasets. Recruitment of the original four epidemiological cohorts occurred between 1992-1998, whereas data on HRQoL that formed the SP2 dataset were collected between 2003-2007 as part of the scheduled follow-up assessments. There were no significant effect of original cohort source nor any between-study effects related to year of collection on reported outcomes.
Ethics
Ethical approval was obtained from local Institutional Review Board (SingHealth IRB) and written informed consent was obtained from all participants.
Measures, Instruments and Procedure
Each subject underwent a physical examination including a blood sample for fasting laboratory evaluation and completed interviewer-administered questionnaires. The sociodemographic questionnaire included data on age, gender, ethnicity (Chinese, Malay, or Asian-Indian) education (no education, primary, secondary and above), monthly income (,$2000, $2000-3999, $4000-5999, $6000-9999, . = $10,000), smoking (current smoker/noncurrent or nonsmoker), alcohol consumption (current drinker and noncurrent drinker) and physical activity measured with International Physical Activity Questionnaire (IPAQ) [26, 27] . Information on chronic diseases and relevant medication use was captured in the questionnaire assessment [14] .
The Short Form health survey with 36 questions (SF36 version 2) [28, 29] is a well-documented scoring system that has been widely used and validated as a HRQoL assessment tool for the general population as well as patient groups [30] [31] [32] [33] . It includes 8 subscales to evaluate individuals' perceptions of their health and the impact of their health on physical, social emotional domains/ functioning: Physical Functioning, Physical Role (i.e., role limitations caused by physical problems), Pain, General Health, Vitality, Social Functioning, Emotional Role (i.e., role limitations caused by emotional problems), and Mental Health. These 8 subscales are combined into Physical Component Score (PCS) and a Mental Component Score (MCS) [28] which are the foci of this paper. Scores range from 0 to 100, with higher scores indicating better HRQoL for each domain. Its psychometrics properties have been established in several countries [34, 35] .
The 3 item Family Functioning Measure (FFM) was used to assess the quality of interactions among family members [36] . It has previously been validated in a study in Singapore [37] .
Metabolic Phenotyping of the Study Population
Anthropometric indices [body weight (kilograms); standing height (meters); waist and hip circumferences] were measured with the subject wearing light clothing and no shoes by trained research nurses. Waist circumference was taken as the narrowest measurement midway between the xiphoid sternum and umbilicus, while the hip circumference was taken as the widest measurement at the level of the greater trochanters. Sitting blood pressure (BP) was measured after the subject was at rest for 5 min using an automated sphygmomanometer. Baseline blood samples were drawn after an overnight fast and taken for measurements of plasma glucose, lipid profile, insulin, high sensitivity C-reactive protein (hs-CRP), among a series of other laboratory investigations meant for other studies. Homeostasis model assessment-insulin resistance index (HOMA-IR) was calculated using the HOMA-IR formula, defined as fasting insulin (mU/L) x fasting plasma glucose (mmol/L)/22.5. This equation provides a convenient estimate of insulin resistance that has been validated by comparison with results of glucose clamp studies [38] .
Laboratory Biochemical Assays
Blood was sampled in the morning by venipuncture after an overnight fast of at least 8 hours and transferred on ice immediately and centrifuged at 2500 rpm for 15 min, and the supernatant separated and stored at 220uC until analysis. The analytical performance of these methods was within the specifications of the analyzers.
Statistical Analysis
Statistical analyses were performed using STATA version 10.0; StataCorp, Texas, USA) except for hierarchical regressions that were run with SPSS (version 16.0; SPSS, Inc., Chicago, IL). Differences in sociodemographic, clinical/laboratory measures between ethnic groups were assessed with ANOVAs (for continuous variables) or chi-square test (categorical variables). The associations with HRQoL (PCS; MCS) of demographic variables (including ethnicity), sociodemographic and clinical/laboratory variables were evaluated using univariate tests and hierarchical regressions. Variance inflation factors (VIF), a post-estimate method was used to check that no multi-collinearity exists before running the hierarchical analyses. Hierarchical regression models were constructed by sequentially adding predictors into five blocks: (i) sociodemographics factors (age, marital status, education, ethnicity, employment, income, housing) (enter method), (ii) anthropometric measurements (forward selection), (iii) systolic/ diastolic blood pressure and laboratory data (forward selection), (iv) clinical variables (i.e. comorbidities) and medication (forward selection), (v) other behavioral variables (smoking/alcohol consumption, family function measure and physical activity expenditure) (forward selection). To explore ethnic variations in HRQoL determinants, interaction terms were forward selected after each respective block of the main effects. For instance, interaction terms of sociodemographic variables by ethnicity were forward selected after its main effects were entered; next, the interaction terms of the anthropometric parameters by ethnicity were forward selected after its main effects as well. This applies to the interaction effects of laboratory variables, comorbidities and other behavioral variables ( Figure 2 ). Chinese were used as the reference group for each interaction term.
All analyses were completed on complete cases (no missing data imputation). Missing data for income and some anthropometric/ laboratory variables were over 30%, hence imputation procedures were not deemed suitable.
Results
Characteristics of the Study Cohort
The baseline characteristics of the total study cohort and the three ethnic subgroups are shown in Table 1 (sociodemographic   profile) and Table 2 (clinical and lifestyle profile). There were significant differences (p,0.001) in sociodemographic factors (except gender), anthropometric measurements, systolic/diastolic blood pressure and laboratory data, clinical variables (i.e. comorbidities) and medication, and other behavioral variables (smoking/alcohol consumption, FFM and physical activity expenditure) among the ethnic groups. Details pertaining to the ANOVA post-hoc analysis can be found in Table S1 . The general pattern indicated that the Chinese respondents had 'healthier' clinical profile than Malay and Indian participants (e.g. lower body mass index, blood pressure, diabetes prevalence, lower fasting glucose, low density lipoprotein cholesterol (LDL-C), insulin resistance and high sensitivity C-reactive protein (hs-CRP)), which probably underlie the well known differences in cardio-metabolic risks between the 3 main ethnicities in this country (See Table S1 for post hoc analyses). The socioeconomic background of Malay respondents as indexed by education, housing type, employment and income was lower than that of Chinese and Indian subgroups.
Univariate Associations
Age, gender, ethnicity, marital status, education, income, comorbidities, anthropometric and measures indicative of worse clinical status were all significantly associated with physical and mental HRQoL in the total sample (Table S2) . Clinical measures were related to MCS and yet not consistently for all variables (i.e. comorbid conditions, laboratory measures) and across all three ethnic groups. HRQoL levels differed between the three ethnic groups: PCS (F = 106.1, p,0.001) and MCS (F = 21.4, p,0.001). Chinese respondents reported the highest physical HRQoL (i.e.PCS) followed by Malay and Indian participants. All three paired mean differences in PCS were significant in the post-hoc comparisons (p,0.001). With respect to MCS, post-hoc comparisons showed that Malay respondents had significantly higher MCS scores than Chinese (p,0.001) and Indians (p,0.001). There was no significant mean difference in MCS between the Indian and Chinese participants.
Multivariate Associations
Hierarchical multiple regression analyses were conducted for the total cohort with interaction terms being entered following each block of main effects. The results indicated that the main effects of being widowed, housewife or retired, higher income groups, larger waist circumference, having stroke, diabetes, coronary heart disease (CHD), asthma/lung disease, musculoskeletal conditions, previous alcohol consumption, physical activity were significant multivariate predictors, and as well as interaction terms of gender, stroke and musculoskeletal conditions by ethnicity, accounting for 17.1% of the variance in PCS (Table 3) . Age and ethnicity (Chinese) significant at point of entry ceased to be significant in the final PCS model.
The regression model to predict MCS in the total sample explained 14.6% of the variance with main effects of age, ethnicity, secondary education, higher income, insulin, stroke, asthma/lung diseases, musculoskeletal conditions, medication, smoking, physical energy expenditure and family functioning emerging as significant determinants, and as well as interaction terms of insulin and high density lipoprotein cholesterol by ethnicity in the final MCS model (Table 4) . Further detailed results of the hierarchical multiple regression analyses are found in Table S3  and Table S4 under the supporting (supplementary) data of this paper.
The significant interaction effects indicate that the associations of certain sociodemographic, clinical/laboratory variables to HRQoL were not uniformly observed in all ethnic groups. The effect of stroke on PCS was more severe for the Chinese and Indians but less for the Malays (Figure 3) . Musculoskeletal conditions were found to have a greater adverse effect on PCS for the Malays and Indians but less so for the Chinese (Figure 4) . Generally, the PCS of females is slightly lower than the males across all ethnic groups. In particular, it was found that the Malay and Indian females had a much lower PCS than their Chinese counterparts ( Figure 5 ). In general, the serum insulin was negatively associated with MCS across all ethnic groups. The interaction slope for the Indians was significantly steeper compared with the Chinese and the Malays (Figure 6 ).
Discussion
This article describes the pattern of HRQoL and the determinants of HRQoL in a multiethnic population cohort in Singapore. Our findings confirmed that HRQoL differed between ethnic groups replicating results of an earlier yet smaller study [17] . Physical HRQoL was higher among Chinese respondents. Malay participants on the other hand reported higher mental HRQoL despite lower socioeconomic resources and worse clinical profile than Chinese with respects to obesity, metabolic syndrome and hs-CRP. The observed ethnic differences in MCS persisted even after extensive adjustment of other sociodemographic, clinical and laboratory variables which suggests that these factors do not fully mediate the relationship between ethnicity and MCS.
The second study question addresses the contribution of sociodemographic and clinical factors on HRQoL for the total sample and across ethnic groups. The regression models for MCS and PCS explained a very modest proportion in HRQoL. Multivariate modelling indicated worse clinical profile and poor socioeconomic status were associated with lower PCS and MCS in line with previous work [17] . The link between socioeconomic standings and health outcome is undisputed [39] ; the study findings showed that similar associations are also evident for HRQoL [40, 41] . Financial resources are intimately linked to environmental and living conditions and may also impact upon health care utilization and medical decision making especially in settings like Singapore where there is no free health coverage since healthcare and treatment are based on a fee for service system. Although Singapore may have less poverty-stricken people compared to other South East Asian countries, those who come from lower income families could be predisposed to more healthrisk environments and may be less likely to utilize health care services adequately and/or afford optimally treatment prescribed after point of contact.
Notably, the effects of age were only observed for MCS in line with previous studies reporting higher life satisfaction amongst elderly [42] . The relationship of age with emotional well-being has often been described as 'non-linear' (with "middle age" respondents often having relatively low mental health scores and ''older age'' having higher or better emotional well-being). Older persons appear to use different reference points to evaluate their HRQoL than do younger persons. Older respondents tend to downplay the negative aspects of situations giving them neutral meaning compared to younger adults [43] . Also, changes in expectations about health and well-being across the lifespan may explain the association between age and emotional well-being in our study cohort [44] . Old age can be seen as a period of life in which one is free to explore personal fulfilment, self realization and leisure as there is more autonomy from structured roles (e.g. parenthood; employment) [45] . The lack of significant associations with PCS and age is also somewhat unexpected as advancing age brings about physical deconditioning, higher incidence of chronic illness and functional dependency. This pattern of results suggests that caution is warranted in assuming that HRQoL impairments would inevitably accompany older age.
Study findings on inter-ethnic variation on the effects of certain sociodemographic and clinical factors on HRQoL are novel and compelling as they suggest non-uniform effects across different groups. Although there are previous findings on differences in HRQoL determinants between European, Latino, African American and Asian American patients [46, 47] , this is the first study to document an even more 'fine' ethnic variation among three Asian ethnic groups: Chinese, Indian and Malay. Using comprehensive multivariate modeling to test both main and interaction effects, we were able to show that the effect of specific factors within each cluster of variables varied as function of ethnicity.
Gender effects were more pronounced for Malay and Indian respondents. Although the main effect of gender was noted too in that females fared worse than male in physical HRQoL, the interaction effects indicated that effects were not uniform. Female gender in Malays and Indians was associated with poorer PCS, replicating previous community-based and patient research across different settings [41] [42] [43] [44] [45] [46] [47] . The likely explanations for the gender effects on HRQoL remain speculative but are thought to involve a complex interplay of biological, psychosocial and lifestyle factors/ issues. What is not clear however is the non-uniformity in gender effects across ethnic groups. Future work should explore whether any potential differential social roles or expectations for female among ethnic groups may differentially affect HRQoL by perhaps facilitating or hindering adoption of healthy lifestyle and physical wellness.
The effects of certain comorbid conditions were also variable across ethnic group. Malay participants were the least adversely affected by stroke compared with Chinese or Indians. Although it is possible that the generally larger family units among Malays may play a positive role in alleviating the negative effects of stroke, this did not appear to be well accounted by the family functioning [48, 49] . In both musculoskeletal conditions and gender, Chinese were least affected, followed by the Malays and the Indians in descending order. The reasons for these ethnic differences at present remain intriguing and worthy of further research. Among the list of comorbidities evaluated in this study, cancer was initially significant when it was selected as the main effect in PCS but lost its significance when interaction of stroke by ethnicity and musculoskeletal conditions by ethnicity were forward selected despite cancer being the top killer disease in Singapore. This could possibly be due to stroke and musculoskeletal disorders being much more crippling and debilitating than cancer. Also, certain cancers are now increasingly more curable or controllable and associated with longer survivals with correspondingly better quality of life than previously. Notably, hypertension is also not a significant predictor of either PCS or MCS which well supports its notorious reputation of being a 'silent killer' due to its largely asymptomatic condition till major target organ damage begin to manifest.
For MCS, fasting serum insulin turned up to be a negative predictor across all ethnic groups. It was interesting to find that the Indians were most adversely affected by insulin levels compared with either the Malays or the Chinese. Serum insulin usually reflects the severity of insulin resistance and corresponds to the degree of obesity. As such, given that the Indians belong to the ethnic group with the highest prevalence of diabetes mellitus in this country, this may possibly explain why Indians are susceptible to greater declines in MCS. It remains uncertain if insulin has a direct influence on cognitive and behavioral functions to explain this phenomenon. In general however, there was an apparent lack of significant multivariate associations between HRQoL and most laboratory assays/measures of various blood analytes. Although indicative of poor health or increased health risk, most laboratory abnormalities are asymptomatic until gross clinical dysfunction occurs which may explain the lack of measurable effect on individuals' rating of HRQoL. It is finally important to note that the amount of variability in HRQoL explained by demographic, comorbidity and other clinical/biochemical markers in all models is rather small. This means that HRQoL ideally needs to be assessed by self-report rather than inferred from laboratory data or simply by comorbidity. It also suggests that other factors not measured in this study, i.e. perceived symptoms, life events, mood, social support/integration, coping skills or attitudes/expectations related to health, life in general and/ or spirituality/religiosity may be more important contributors of HRQoL [46, 50] . These should be considered in future research. Perception of better family interactions was associated with higher mental HRQoL in all groups. The effect of family functioning with MCS was not dependent on marital status. Although married respondents reported higher family functioning compared to non-married respondents, the effect of better family interaction was also found to be beneficial in respondents that were non-married, indicating that both immediate and extended family relationships/networks may be contributing to better mental HRQoL. This may be particularly the case in Asian cultures where values of interdependence emphasize the importance of family relationships and well-being [51] . Highly satisfying family relationships are shown to be more important than relationship status, of which the association to HRQoL was mixed. Marital status was associated with better physical HRQoL in the total sample relative to widowhood in agreement with previous evidence [52, 53] yet had no association with mental HRQoL. This may be because the necessary level of detail of individuals' circumstances is unavailable. The influence of marriage on emotional well being may depend on the circumstances of the relationship. Some studies have shown that the quality of marriage rather than marriage itself is the most important influence upon emotional well-being [54] .
Strengths and Limitations
This study has several strengths, including the use of nationally representative data, stratified randomized recruitment and large sample size to allow us to perform ethnic subgroups analyses, and the assessment and inclusion of a range of demographic, socioeconomic and clinical/biochemical and laboratory parameters in the analyses. But it is also limited by the use of cross-sectional data, the use of self-report comorbidities, which albeit commonly used in epidemiological studies and generally considered to be reasonably accurate [55] may be influenced by recall and interpretation biases. Lastly there was a considerable amount of missing data with respect to income and some lab measures that reduced our sample size to more than half of original cohort. It is important however to note that complete data sample was still large to ensure a sufficiently powered study and the sensitivity analyses performed without the inclusion of income replicated the patterns of results, both of which provided assurance that the observed associations are robust. Further prospective research is needed to understand the relationship of these factors over time with HRQoL across ethnic groups, the drivers for any ethnic variation and to expand the focus to other variables, namely life experience, attitudes or expectations that may be driving ethnic differences in HRQoL. 
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